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.2012.12.Abstract The main purpose of this study was to identify effective factors on optimum agricultural
water management based on opinions of farmers in Amlash, Guilan Province. The research design
of the study was a descriptive study. The target population of this study was the farmers of Amlash
in Guilan Province. The instrument used in this study was a questionnaire whose validity was con-
ﬁrmed by university faculty members and agricultural experts. The estimated reliability, using
Cronbach’s Alpha, was 0.936, which was an acceptable reliability. According to the F-test result,
number of travels to urban area per month, family participation in farming, information access, dis-
tance between the farms and agricultural service centers, farmer-owned farmlands, and productivity
system signiﬁcantly affect the optimum water resource management. Results of the factor analysis
revealed that based on opinions of farmers in Amlash, six factors (mechanization, technical, eco-
nomic, social, knowledge and experience) affect the optimum agricultural water management. These
factors account for 71.50% of variance of effective factors in optimum water resource management.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Water shortage is the world’s most pressing problem in the cur-
rent century. Crises due to freshwater shortage are considered as
serious threats to sustainable development, natural environ-
ment, health and welfare of human beings; as a result, govern-13837073.
.ac.ir, allahyari@ijamad.com
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004ments are required to change their policies on water resources
and adopt participatory approaches to water management, to
engage farmers in all steps and levels of water and environment
management (Shahroudi et al., 2008). Water crisis is one of the
main environmental challenges in the Middle East. Many ex-
perts havewarned against usingwater resources without consid-
ering its shortage in future (Javan and Fal Soleiman, 2008).
Water is essential for farming and it is necessary to guarantee
water supply for poverty reduction in rural areas, because pov-
erty reduction leads to food security (Mohammadi et al., 2009).
Research has shown that about 67%of water resources are used
in the agricultural sector, and this is almost 90% in developing
countries. Regarding the fact that water shortages are mostly
observed in the agricultural sector, efﬁcient use of water re-
sources in this sector, or agricultural water management isvier B.V. All rights reserved.
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Kalashami, 2012). Management means running and controlling
something, particularly by using communication tools, relying
on law. Therefore, optimum water management means
managing water resources in a way that would enable farmers
and users of water resources to fulﬁll their needs without threat-
ening future needs.
Based on optimum management, water crises are not only
analyzed by concerning technical aspects, but an holistic ap-
proach is required, which besides technical issues, focuses on so-
cial, economic, cultural and educational aspects. In a holistic
approach, farmers and other users are essential parts of the deci-
sion-making. Nowadays, the importance of sustainable man-
agement of soil and water resources is accepted as a global
consensus and international duty (Allahyari et al., 2008). A
study by Ponce-Hernandez (2002) on effective factors in re-
source management revealed that increasing social, ﬁnancial,
physical and human capital improved the agricultural use of soil
and water. Knowler and Bradshaw (2007), analyzed 31 studies
on effective factors in improving agricultural resource manage-
ment in African and Latin American countries, revealed that
most of them focused on personal, behavioral, educational
and training, economic and agricultural characteristics, and ig-
nored or rarely considered cultural and social characteristics as
common factors in improving agricultural productivity. Cramb
(2005) indicated that social capital development leads to the
improvement of farmers’ behavior in agricultural resourceman-
agement, and consequently facilitates and increases utilization
of agricultural technologies. Akrami (1996) studied farmers’
participation in irrigationmanagement, and concluded that irri-
gation management requires improving farmers’ skills in water
supply, and the use ofmanagement and adopting principled pol-
icies to direct framers’ activities on irrigation management,
regarding national interest. According to (Regner et al., 2006),
lack of necessary irrigation management training of farmers is
one of the main problems in successful water management.
Wijayaratna (2002) concluded that failure to provide subsidies
and ﬁnancial support for farmers and water users is one of the
main obstacles in successful agricultural water management.
The main purpose of this study was to identify effective factors
on optimum agricultural water management based on opinions
of farmers in Amlash, Guilan Province.
2. Materials and method
Amlash is a town which has an area of 469.5 km2 with 47,000 res-
idents spread over two districts, ﬁve rural districts and 235 villages/
sub-districts, located 90 km east of Guilan Province, in the north-
ern part of Iran. The index of corn cultivation in this town, with
3500 ha rice planting, is 15,000 tons of grain, 7000 tons of which
are rice, produced by 2570 farmers. Annual rainfall in this area is
between 1000 and 1400 mm. Amlash has two geographical parts;
plains and mountains. In the mountain areas, there are forests in
the foothills and grasslands in the heights. The plain climate is hu-
mid and favorable in different seasons, and themountain climate is
semi-humid and not bad. The agricultural sector is very impor-
tant in this town, and the main water resources of this sector are
ShalmanRood and PolRood rivers.
The research design of the study was a descriptive study. The
target population of this study was the farmers of Amlash in
Guilan Province. According to the table for determining samplefrom a given population, developed by Bartlett et al. (2001), 172
farmers were selected, using the multistage cluster sampling
method. The researcher veriﬁed the list before distribution of
the survey to control for frame and selection threats to external
validity. To collect data, a self-made questionnaire was
designed. Questions were generated from the literature review.
The instrument used in this study was a questionnaire whose
validity was conﬁrmed by university faculty members and agri-
cultural experts of Guilan Province. The estimated reliability,
using Cronbach’s Alpha, was 0.936, which was an acceptable
reliability. The questionnaire had two sections. The ﬁrst section
investigated socio-economic characteristics of farmers, and the
second section investigated farmers’ opinions about optimum
water management, using a six-level scale of measurement
(none = 0 to very much = 5). Data collected were analyzed
using the Statistical Package for the Social Sciences (SPSS17).
Beside descriptive statistics (mean and standard deviation), to
categorize effective factors in optimum agricultural water re-
source management, factor analysis was used. To classify
respondents, the below formulation was used (Feli et al., 2007).
A ¼ weak : A <Mean SD
B ¼ average : Mean SD  B  Mean
C ¼ good : Mean < C  Meanþ SD
D ¼ excellent : Meanþ SD > D3. Results and discussion
The mean age of the farmers in the region was 52.58 years
(SD = 16.51). The mean farming experience was 30.70 years
(SD = 3.61) (Table 1). The average of traveling to urban area
per month was 11.2 times. The mean distance between farmers’
houses and their paddy farms was 1.46 km, and the mean dis-
tance between the farms and agricultural services centers was
3.93 km. It was also found that the farmer-owned farmlands
were 1.27 ha and each farmer had almost three plots. The
mean of lands under cultivation in last year was 1.17 ha. The
average annual income from agricultural activities was
24270000 Rials and the average annual income from other
activities was 15510000 Rials and the average annual costs of
agricultural activities was 12530000 Rials (Table 2).
Results showed that shortening main water channels, mech-
anization and integration of farmlands, and cold hour irrigation
had the highest mean (respectively 3.97, 3.93, 3.90) and farmers’
satisfaction of water costs, number of legal wells in the area, and
awareness of the length of underground water replacement had
the lowest mean (respectively 2.37, 2.95, 2.97) (Table 3).
Table 4 indicates the effects of personal and social charac-
teristics on optimum water resource management. According
to the F-test result, number of travels to urban area per month,
family participation in farming, information access, distance
between the farms and agricultural service centers, farmer-
owned farmlands, and productivity system signiﬁcantly affect
optimum water resource management.
Based on the mean and standard deviation difference,
scores less than 2.15 were considered as weak opinions, scores
between 2.15 and 3.36 as average opinions, scores between 3.36
and 4.57 as good opinions, and scores more than 4.57 as excel-
lent opinions toward water resource management, which are
shown in Table 5.
Table 1 Descriptive statistics of farmers’ personal characteristics.
Characteristics Groups Frequency Percentage Mean Standard
deviation
Age 52.58 16.51
20–40 29 17.6
41–60 84 50.9
61–80 47 28.5
80> 5 3
Gender Male 156 90.7
Female 16 9.3
Education Illiterate 43 25.3
Primary 31 18.2
Secondary 32 18.8
Diploma 51 30.0
Academic 13 7.6
Marital status Single 10 5.8
Married 162 94.2
Children 1–5 154 90.1 3.61 1.53
6–10 17 9.9
Farming experience 30.70 3.61
1–20 66 38.6
21–40 56 32.7
41–60 43 25.1
61> 6 3.5
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Agricultural water management is affected by particular fac-
tors, based on their importance. However, it seems necessary
to identify these factors to improve agricultural water manage-
ment. An exploratory factor analysis was conducted for the
data presented in Table 3. The factor analysis used was a prin-
cipal component analysis with factor extraction and VARI-
MAX rotation. The four commonly used decision rules were
applied to identify the factors: (1) minimum Eigenvalue of 1;
(2) minimum factor loading of 0.5 for each indicator item;
(3) simplicity of factor structure; and (4) exclusion of single
item factors. By using Bartlett’s test and KMO test whether
the research variable is appropriate for factor analysis
(KMO= 0.803, Bartlett = 356.055, Sig = 0.000) is deter-
mined. Results of the factor analysis revealed that based on
opinions of farmers in Amlash, six factors affect the optimum
agricultural water management. These factors account for
71.50% of variance of effective factors in optimum water re-
source management (Table 6).Table 2 Descriptive statistics of farmers’ economic characteristics.
Variables
Traveling to urban area per month
Distance between farmers’ house and farm
Distance between the farm and agricultural service center
Farmer-owned farmlands
Farmer-owned agricultural plots
Lands under cultivation
Annual income from agricultural activities (IRI)
Annual income from other activities (IRI)
Annual costs of agricultural activities (IRI)Factor scores after rotation are given in Table 7, choosing
variables with factor loading of more than 0.5.
1. Mechanization factor
This management factor had 19.89% of total variance, that
is, the greatest effect. In other words, mechanization deter-
mines 19.89% of water resource management. The main vari-
ables in the formation of this factor are control and inspection
of irrigation systems, focus on training for optimum water
management and use, formation of agricultural cooperatives,
building reservoirs, encouraging farmers to apply irrigation
plans, building diversional dams on seasonal rivers, channeling
waters, management of land-use change, supporting private
sector investment, providing facilities to improve irrigation
system, mechanization and integration of farmlands, and cold
hour irrigation.
Shahroudi et al. (2008) stated that water user cooperatives
have great effects on the development of social, human, phys-
ical and ﬁnancial capitals. That is, cooperatives affect the
water resource management by developing information access,Mean Standard Deviation
11.22 12.00
1.46 1.60
3.93 2.79
1.27 1.94
2.97 3.08
1.17 1.67
24270000 2486.23
15510000 2809.12
12530000 1536.71
Table 3 Mean and median scores of water management items from farmers’ perception.
Items Mean Median
Shortening main water channels 3.97 4
Mechanization and integration of farmlands 3.93 4
Cold hour irrigation 3.90 4
Control and inspection of irrigation systems 3.79 4
Dredging 3.74 4
Paving lands 3.70 4
Channel waters 3.67 4
Management and modernization of farmlands 3.65 4
Building reservoir 3.63 4
Focus on training optimum water management and use 3.59 4
Building diversion dams on seasonal rivers 3.50 4
Rivers coverage areas 3.43 4
Using drought resistant plants 3.38 4
Farmers’ satisfaction of water costs 3.37 2
Detection of legal and illegal wells 3.35 3
Using farms’ waste water 3.35 4
Lowering the costs of modern irrigation system 3.34 4
Providing facilities to improve irrigation system 3.34 4
Encouraging farmers to apply irrigation plans 3.31 4
Using low-pressure pipe instead of water channels 3.28 4
Management of land use changing 3.25 3
Farmers’ knowledge about water and irrigation 3.23 3
Formation of cooperatives and communities to improve water management in rural areas 3.17 4
Supporting private sector investment 3.12 3
Diﬀerent irrigation systems 3.11 4
Manually ﬁlled underground resources 3.00 3
Public funding and subsidies to develop modern irrigation 3.00 3
Awareness of length of underground water replacement 2.97 3
Number of legal wells in the area 2.95 3
Formation of agricultural cooperatives 2.79 3
18 B. Rezadoost, M.S. Allahyaripreparing backgrounds for development, and using agricul-
tural water management methods. These variables are in
accordance with Farzampour (2001), Davarpanah (2001),
Khalilian and Zare Mehrjerdi (2005), and Koh et al. (2002),
who referred to them, as inﬂuential variables, in agricultural
water management.
2. Technical factor
This management factor had 16% of total variance. In
other words, technical factors determine 16% of water re-
source management. Main variables in the formation of this
factor are different irrigation systems, paving lands, manage-
ment and modernization of farmlands, shortening main water
channels, using farm waste water, and lowering the costs of the
modern irrigation system.
One of the main effective variables in sustainable water
management is land paving (Saadi and Tayyebi, 2008). Akbari
Fard (1992) believed that factors such as manpower, water,
and capital, as well as land paving improve productivity.
Shortage of water resources is the main reason for the reduc-
tion of agricultural productivity in many regions worldwide.
Water resource limitation, and low efﬁciency of traditional
methods, reveal the necessity of studies aiming to improve
the use of water resources.
3. Economic factor
This management factor had 13.7% of total variance. In
other words, economic factors determine 13.7% of water re-source management. The main variables in the formation of
this factor are using drought resistant plants, government bud-
gets and subsidies to develop modern irrigation, using low-
pressure pipe instead of water channels, river covering space,
and dredging.
A drought resistant plant is one of the effective methods in
optimum water management (Maleki Nejad, 2003; Hossein
Pour et al., 2007). Javan and Fal Soleiman (2008) showed that
cultivation of wheat and millet which reduce water use instead
of beet which needs much water, guarantees the ﬁnancial
interests of farmers, concerning water management. Azizi
(2001) focused on economic factors such as ﬁnancial support,
insurance, and farmers’ income, and introduced these factors
as important in agricultural water management, which reveals
its importance. Mahdavi (2007) reported that water manage-
ment leads to less water use, more productivity, and less water
costs and consequently more income. Costs of applying irriga-
tion management, compared to income increase are not notice-
able. Mahdavi (2007) revealed that management’s role in
appropriate and enough use is more than physical operation’s
role, concerning their costs. Water price policies are a way to
balance underground water resources, that is, increasing water
price as an agricultural policy will lead to more underground
water resources.
4. Social factor
This managerial factor had 9.06% of total variance. In
other words, social factors determine 9.06% of water resource
management. The main variables in the formation of this fac-
Table 4 Effects of personal and social characteristics on optimum water resource management.
Items t F p-value
Age 0.066 0.978
Gender 0.027 0.869
Education 1.75 0.125
Marital status 0.319 0.727
Family members 0.556 0.832
Agricultural experience 0.397 0.995
Contact with experts of Jihad-e-agriculture oﬃce 1.986 0.099
Contact with agricultural services centers 0.255 0.937
Participation in training classes per year 0.742 0.670
Traveling to urban area per month 2.028 0.022*
Family participation in farming 0.521 0.595
How much participation 3.067 0.011*
Access to agricultural information 2.79 0.028*
Second job 0.633 0.595
Distance between farmers’ houses and farms 0.882 0.619
Distance between the farms and agricultural service centers 1.722 0.035*
Farmer-owned farmlands 1.86 0.005**
Farmer-owned agricultural lots 1.502 0.092
Lands under cultivation in last year 1.186 0.237
Annual income from agricultural activities 0.849 0.723
Annual income from other activities 1.057 0.399
Annual costs of agricultural activities 0.848 0.724
Productivity system 2.791 0.013*
Access to agricultural equipment (Pesticides, fertilizers, machines etc) 1.324 0.249
Access to ﬁnancial/investment sources 0.430 0.827
Access to irrigation resources 0.543 0.744
Water shortages 0.387 0.817
Using modern irrigation systems 0.233 0.873
Which resources are used 0.766 0.549
Water transfer method 0.992 0.398
* p< 0.05.
** p< 0.01.
Table 6 The extracted factors and their Eigenvalue, percent of
Eigenvalue’s variance, and cumulative percentage.
No. Factor Eigenvalue Percent of
Eigenvalue’s
variance
Cumulative percent
1 Mechanization 5.95 19.89 19.89
2 Technical 4.80 16.00 35.90
3 Economic 4.13 13.78 49.68
4 Social 2.71 9.06 58.74
5 Knowledge 2.44 8.13 66.88
6 Experience 1.38 4.62 71.50
Table 5 Distribution of farmers’ opinions toward water
resource management.
Management opinion Frequency Percent Cumulative percent
Weak 32 18.6 18.6
Average 34 19.8 38.4
Good 96 55.8 92.2
Excellent 10 5.8 100
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about water and irrigation, and formation of cooperatives and
communities to improve water management in rural areas.Ghasemi (2006) believed that developing people’s participa-
tion and giving them the right to manage things would lead to
more water resource productivity. He concluded that farmer
and irrigation guild participation in irrigation control and
keeping management in Qazvin Desert had many positive eco-
nomic and social consequences. Azizi (2001) focused on social
factors and using methods in agricultural water management,
and suggested that in farmers’ opinion, social factors are
important factors in agricultural water management.
5. Knowledge
This managerial factor had 8.13% of total variance. In
other words, knowledge determines 8.13% of water resource
management. The main variables in the formation of this fac-
tor are number of legal wells in the area, manually ﬁlled under-
ground resources, and awareness of the length of underground
water replacement.
Mohammadi et al. (2009) said that training posters and
promotional papers about agricultural water management,
new irrigation systems, and suitable cultivation model are used
by ofﬁcials as an instruction method. Ehsani and Khaledi
(2003), Zehtabiyn (2005), Haydari et al. (2005), Farshi
(2005), Assareh et al. (2006), and Tahamipour et al. (2005) re-
vealed the importance of training in improving agricultural
water management, which suggested that farmers need to learn
modern methods and techniques in optimum use of water, suit-
Table 7 Results of factor analysis in optimum water resource management.
Variables Mechanization Technical Economic Social Knowledge Experience
Control and inspection of irrigation systems 0.601
Focus on training optimum water management and use 0.509
Formation of agricultural cooperatives 0.645
Building reservoir 0.597
Encouraging farmers to apply irrigation plans 0.573
Building diversion dams on seasonal rivers 0.469
Channel waters 0.752
Management of land use changing 0.720
Supporting private sector investment 0.536
Providing facilities to improve irrigation system 0.574
Mechanization and integration of farmlands 0.697
Cold hours’ irrigation 0.591
Diﬀerent irrigation systems 0.718
Paving lands 0.707
Management and modernization of farmlands 0.699
Shortening main water channels 0.636
Using waste water 0.673
Lowering the costs of modern irrigation system 0.695
Using drought resistant plants 0.561
Public funding and subsidies to develop modern irrigation 0.694
Using low-pressure pipes instead of water channels 0.790
Rivers coverage space 0.774
Dredging 0.553
Farmers’ satisfaction of water costs 0.748
Farmers’ knowledge about water and irrigation 0.565
Formation of cooperatives and communities
to improve water management in rural areas
0.608
Number of legal wells in the area 0.692
Manually ﬁlled underground resources 0.699
Awareness of the length of underground water replacement 0.536
Detection of legal and illegal wells 0.713
Figure 1 Effective factors in optimum water resource
management.
20 B. Rezadoost, M.S. Allahyariable cultivation model, and appropriate irrigation systems.
They expect government to help them in improving water
use by designing training courses and publishing promotional
papers. Kazemiyeh and Hossein Zad (2011) suggested that to
keep and rebuild underground water resources, it is necessary
to increase farmers’ knowledge through classes, brochures,
radio and TV channels, and so on. They also said that solving
problems and shortcomings of traditional irrigation channels
by controlling weeds, and increasing concrete channels may
lead to more water efﬁciency. To do this, it is required to in-
crease farmers’ knowledge about these methods and attract
public funding.
6. Experience
This factor had 4.62% of total variance. In other words,
experience determines 4.62% of water resource management.
The only variable in the formation of this factor is the detec-
tion of legal and illegal wells (See Fig. 1).
In a study byMojarrad and Sabouhi (2010), determining the
optimum height of agricultural wells and permanent monitor-
ing of the amount of water taken from wells are proposed to
protect underground water resources for agricultural use. They
said that digging deep wells without information about water
resource conditions may lead to wells going dry, water reduc-
tion, reduction of water quality, increase in pumping costs,
and land subsidence. Therefore better use of surface water
may help to solve this problem (Mojarrad and Sabouhi,
2010). Mohammadi et al. (2009) identiﬁed six factors which ac-count for more than 70% of dependent variables, agricultural
water management, and variance. Their ﬁndings revealed that
30% of factors affecting agricultural water management are
Farmers’ opinions regarding effective factors on optimum agricultural water management 21still unknown, requiring more studies. Their six extracted fac-
tors were institutional and legislative, training and promo-
tional, economic, social, utilization system, and organizational.
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